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0 POLAR POLYMERIC SORBENT BASED ON GLYCIDYL 
ESTERS FOR GAS AND LIQUID CHROMATOGRAPHY 



(71) We, CESKOSLOVENSKA 
AKADEMIE VED, a Czechoslovak 
Corporation, of No. 3 Narodnf, Praha 1, 
Czechoslovakia do hereby declare the in- 
5 vention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particular- 
ly described in and by the following state- 
ment:- 

10 The invention relates to the polar 
polymeric sorbent based on glycidyl esters 
and suitable for gas and liquid chromatogra- 
phy, which enables through its properties 
the chromatographic separation of mixtures 

15 of various compounds. 

In the early seventies, polymeric sorbents 
were introduced for application in gas chro- 
matography in connection with advance- 
ment in production of macroporous polym- 

20 ers. They are of use, above all, in gas-solid 
chromatography. Most of the commercially 
available sorbents of this type are produced 
on the basis of styrene-divinyl-benzene 
copolymers. Its substance is, however, close 

25 to non-polar anchored phases. This means 



that their polarity is relatively low. The 
polarity measure of anchored phases is 
expressed in literature, as a rule, in terms of 
Rohrschncider constants (J. Chromatog. 22, 
6, 1966); i.e. by O.Oltimes the difference of 30 
retention indices of benzene (x), ethanol 
(y), methyl ethyl ketone (z), nitromethane 
(u), and pyridine (s) on squalane and the 
retention indices of these compounds on the 
given anchored phase. Because relating of 35 
retention indices to the anchored phase is 
not completely correct in the case of gas- 
solid chromatography, the retention indices 
on squalane were substituted by the indices 
of the same standards measured at 150°C on 40 
the non-polar sorbent Carbopack B and 
calculated modified values of Rohrschneid- 
er constants were designed x,' y,' z,' u,' and 
s.' 

One of the most polar sorbents at present 45 
on the market is Porapak T, which has the 
Rohrschneider constants x' = 1.30, y' = 
2.90, z' = 2.21, u' - 3.44 (s' was not 
determined) and is the homopoiymer of 
ethylene dimethacrylate. The polarity ex- 50 
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tent of some polymeric sorbents may be 
extended by subsequent modification, 
nevertheless it is too small and the sorbents 
can be used above all for separation of 
5 non-polar compounds. 

The application of sorbents based on 
hydroxyalkyl methacrylate or acrylate gels, 
according to the Czechoslovak Patent Ap- 
plication No. 159 990, and on their modifi- 

10 cation products renders broader prospects. 
These sorbents attain the values of Rohr- 
schneider constants x' = 2.29, y' = 3.53, z' 
= 2.75, u' = 4.09 (s' was not determined). 
An enhancement of polarity may be also 

15 achieved by the ternary copolymerization of 
polar monomers, such as hydroxyalkyl acry- 
late or methacrylates, with a non-polar 
monomer of the alky] acrylate or methacry- 
late type and a crosslinking agent, according 

20 to the Czechoslovak Patent No. 175 156. 
The sorbent prepared in this way has Rohr- 
schneider constants x = 1.73,y = 3.24,z = 
2.63, u = 3.95, and s = 3.54. 

However, the above mentioned materials 

25 do not possess sufficient polarity for separa- 
tion of some mixtures. 

According to the present invention there 
is provided a polar polymeric sorbent based 
on glycidyl esters suitable for gas and liquid 

30 chromatography, the sorbent including a 
macroporous copolymer containing 3-70 
per cent by weight of polymerised 
monomeric units with epoxy groups selected 
from glycidyl methacrylate and glycidyl 

35 acrylate, the epoxy groups either being 
unmodified or modified by a nucleophihc 
agent and 97 - 30 per cent by weight of a 
cross-linking agent selected from alkylene 
diacrylate, alkylene di methacrylate, hyd- 

40 roxy alkylene diacrylate, hydroxyalkylene 
dimethacrylate, where the alkylene contains 
1-6 carbon atoms, and divinyl benzene. 

Preferably the sorbent also includes up to 
30 per cent by weight of polymerised 

45 monomeric units with nitrile groups selected 
from acrylonitrile and methacrylonitrile. 

Further types of the polar polymeric 
sorbent are obtained by the easy modifica- 
tion of epoxy groups with a nucleophilic 

50 agent, such as water, carboxylic acids or 
their derivatives, ammonia, primary and 
secondary amines, mercapto compounds, 
and others. 
The materials according to the invention 

55 are used as packings for columns in gas and 
liquid chromatography. They are prepared 
with a broad range of porosity ana polarity 
by a suspension radical polymerization, e.g. 
according to the Czechoslovak Patent No. 

60 175 112. Their convenient sorption prop- 
erties are documented by the linear shape of 
adsorption isotherms and the corresponding 
peak symmetry of separated compounds. 
The mechanical and volume stability with 

65 changing medium and temperature are ex- 



ceptionally good. Also the retention times 
of compounds separated on the sorbent 
according to the invention are substantially 
shorter in comparison with known sorbents 
and the separations can be generally carried 70 
out at lower temperatures. 

The invention is further illustrated in 
examples of performance, without limiting 
its scope by any means. 

75 

Example 1 

The sorbent was prepared in a polymer- 
ization vessel of 1 litre volume from 600 ml 
of 1% aqueous solution of polyvinylpyrroli- 
done and the mixture consisting of 9.6 g of 80 
dodecanol, 98.8 g of cyclohexanol, 49,2 g 
glycidyl methacrylate, 32.8 g of ethylene 
dimethacrylate, and 0.80 g of 2,2'- 
azobis(isobutyronitrile). The batch was bub- 
bled through with a stream of nitrogen for 85 
15 minutes, the reactor was then closed and 
agitation was set off (250 r.p.m.). After five 
minutes of stirring, the mixture was heated 
to 70°C. The copolymerization proceeded at 
this temperature for 2 hours and at 80°C for 90 
further 6 hours. After the reaction had been 
completed, the product was separated and 
washed by decantation with ethanol (twice), 
benzene (twice), and again with ethanol 
(twice). ~ 95 

For chromatographic purposes, the 
copolymer was extracted with ethanol for 4 
hours, dried in a vacuum oven, and fraction- 
ated. The fraction of particle size 150-200 
\im was used for packing of a glass column 100 
120 cm long and of inner diameter 0.3 cm. 
The packing was first conditioned at 170°C 
in a nitrogen stream 20 ml/min. for 24 hours. 
Hie values of modified Rohrschneider in- 
dices of the sorbent are: x' = 2.02, y' = 105 
3.65, z' = 2.96, u' = 4.75, s' = 3.93 The 
separation of 0.2 |xl of the mixture of C 7 -C 12 
alkanes was carried out at temperature 
175°C and argon through-flow 24 ml/min. 

Retention times of individual hydrocar- HO 
bons were as follows: heptane 1.28 min, 
octane 1.58 min, nonane 3.15 min, decane 
5.15 min, undecane (b.p.l94°C) 8.45 min, 
dodecane (b.p.214.5°C) 14.30 min. 

115 

Example 2 

The separation of 0.15 \i\ of alcohols on 
the sorbent according to Example 1 was 
carried out at temperature 140°C and argon 
through-flow 25 ml/min. Retention times of 120 
individual components: methanol 1.48 min, 
ethanol 2.64 min, isopropyl alcohol 3.40 
min, tert-butanol 4.29 min, propanol 4.96 
min, isobutanol 7.98 min, butanol 9.87 min, 
3-methyl-butanol (b.p. 132°C) 17.30 min, 125 
pentanol (b.p. 137.9*C) 20.00 min. 

Example 3 

The successful separation of a mixture of 
methyl to hexyl esters of acetic acid on the 130 
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sorbent according to Example 1 was carried 
out at temperature 175°C and argon 
through-flow 25 ml/min. Retention times of 
individual esters: methyl acetate 1.38 min, 
5 ethyl acetate 1.93 min, tert-butyl acetate 
2.75 min, butyl acetate 4.43 min, pentyl 
acetate 7.56 min, hexyl acetate (b.p. 
169.2°C) 12.21 min. 

10 Example 4 

A mixture (0.1 |xl) of vinyl hexyl ether, 
hexanol, cyclohexanol, and 2- 
methylcyclohexanol was injected into the 
column packed with the sorbent according 
15 to Example 1 at the column temperature 
175°C and the through-flow of carrier gas 25 
ml/min. The following retention times of 
individual components are the evidence of 
successful gas-chromatographic separation: 
20 vinyl hexyl ether 5.12 min, hexanol 9.45 
min, cyclohexanol 12.48 min, 2- 
methylcyclo-hexanol (b.p. 166°C) 15.83 



25 



min. 



Example 5 

A mixture of cyclopentanone, cyclohex- 
anone and 2-methylcyclohexanone was 
separated under the same conditions as in 
Example 4. The retention times were: cyc- 
30 lopentanone 6.87 min, cyclohexanone 12.33 
mm and 2-methylcyclohexanone 14.65 min. 

Example 6 

A mixture (0.2 \x\) of compounds with 

35 different functional groups and of very 
similar boiling points was injected into the 
column packed with the material according 
to Example 1 at temperature 115°C and the 
through-flow of argon 25 ml/min. The reten- 

40 tion times of components were as follows: 
ethanol (b.p. 78.4°C) 5.89 min, 1- 
chlorobutane (b.p.77.9°C) 9.32 min, ethyl 
acetate (b.p. 77.1°C) 11.55 min, methyl 
ethyl ketone (b.p. 79.6°C) 13.15 min. 

45 

Example 7 

The copolymer was prepared in the same 
way as in Example 1 with the distinction that 
the weights of monomer and crosslinking 

50 agent were 24.6 g of glycidyl methacrylate 
and 57.4 g of ethylene dimethacrylate. The 
copolymer was extracted, used for packing 
of a column (120 cm x 0.3 cm), and 
conditioned in the same way as in Example 

55 1. The relatively lower polarity predeter- 
minates this sorbent above all for separation 
of compounds which differ in the number of 
free jt-electrons (olefins, cycloolefins, aro- 
matic hydrocarbons), but it can be used also 

60 for separation of other types of compounds. 
The values of modified Rohrschneider con- 
stants are as follows: x' = 1.05, y' = 2.37, z' 
= 1.89, u' = 2.92 (s' was not determined). 
A mixture (0.1 u.1) of cyclohexane, cyclohex- 

65 ene and benzene was separated at tempera- 



ture 132°C and the through-flow of argon 25 
ml/min. Retention of these compounds is 
affected by the number of free ji-electrons 
in the molecule: cyclohexane (b.p. 80-81°C) 
12.33 min, cyclohexene (b.p. 83.3°C) 14.42 70 
min, benzene (b.p. 80.1°C) 18.23 min. 

Example 8 

Successful separation of 0.1 u,l of a mix- 
ture of cycloalkanes and equally substituted 75 
aromatic hydrocarbons was carried out simi- 
larly as in Example 7, at temperature 172°C 
and the through-flow of argon 25 ml/min. 
The retention times of individual compo- 
nents were as follows: cyclohexane 5.70 80 
min, benzene 7.91 min, methylcyclohexane 
10.23 min, toluene 16.72 min, ethylcyclohe- 
xane 22.6 min, ethylbenzene 34.42 min. 

Example 9 85 

The sorbent was prepared by the same 
procedure as in Example 1 , with the distinc- 
tion that the monomer mixture consisted of 
32.8 g of glycidyl methacrylate, 16.4 g of 
acrylonitrile, and 32.8 g of ethylene 90 
dimethacrylate. Also the preparation of 
terpolymer for its chromatographic applica- 
tion, packing of the column which had the 
same parameters, and conditioning of the 
packing were carried out in the same way. 95 
This sorbent exhibits thermal stability up to 
270°C and has a strong polar character. The 
values of modified Rohrschneider indices 
are as follows: x' = 3.62, y' = 4.64, z' = ^ 
4.43, u ' = 7.00, s' = 5.97. A mixture of 0.2 100 
yA of polar compounds was separated at 
108°C and the through-flow of argon 25 
ml/min. Individual compounds had the fol- 
lowing retention times: diethyl ether 2.76 
min, methanol 4.39 min, ethanol 7.14 min, 105 
acetone 8.37 min, methyl ethyl ketone 16.90 
min. 

Example 10 

A mixture of carboxylic acids (0.3 was 1 1U 
separated on the column packed with the 
material according to Example 9 at column 
temperature 170°C and the through-flow of 
argon 25 ml/min. The retention times were: 
acetic acid 5.57 min, propionic acid 7.79 H5 
min, isobutyric acid 9.02 min, butyric acid 
11.45 min, valeric acid (b.p. 187°C) 18.37 



min. 



120 



Example 11 

The copolymer according to Example 1 
was modified by hydrolysis and subsequent 
cyanoethylation in the following way: 50 g 
of the copolymer was stirred in a threefold 
volume of 1 N aqueous sulfuric acid and the 12 5 
hydrolysis was carried out at 90°C for 1 
hour; 5 g of the hydrolyzed sample was 
shaken with 15 ml of acrylonitrile and 15 ml 
of 9 N sodium hydroxide solution at 25°C for 
4 hours. The product was then washed with 130 



BNSDOCID: <GB 1577270A__L> 



4 



1 577 270 



4 



water until the alkaline reaction ceased and 
dried in a vacuum oven. The column of 1 m 
length and 0.35 mm inner diameter was 
packed with this modified copolymer and 
5 conditioned at temperature 180°C in the 
stream of nitrogen 20 ml/min for hours. This 
sorbent has also a strongly polar character 
and application possibilities. The values of 
modified Rohrschneider constants are as 

10 follows: x' = 2.71, y' = 5.14, z' = 4.29, u' = 
7.13, s' = 5.81. A mixture (0.1 ul) of 
chlorinated hydrocarbons was separated at 
the column temperature 150°C, injection 
temperature 190°C, and through-flow of 

15 nitrogen 30 ml/min. The retention times of 
individual compounds were: 1-chlorobutane 
1.10 min, 1,3-dichlorobutane 4.08 min, 1,4- 
dichiorobutane 7.08 min. 

20 Example 12 

A mixture (0.1 ul) of trichlorobenzenes 
was separated on the sorbent according to 
Example 11 at the column temperature 
190°C, injection temperature 230°C, and 

25 through-flow of nitrogen 30 ml/min. The 
individual isomers had the following reten- 
tion times: 1,3,5-trichlorobenzene 3.52 min, 
1,2,4-trichlorobenzene 5.21 min, 1,2,3- 
trichlorobenzene (b.p. 218-219°C) 6.80 min. 

30 

Example 13 

Separation of C 2 -C 5 carboxylic acids was 
carried out under the following conditions: 
the sorbent according to Example 11, col- 

35 umn temperature 165°C, injection tempera- 
ture 220°C, through-flow of nitrogen 30 
ml/min, injected volume 0.15 ul. The reten- 
tion times obtained: acetic acid 5.20 min, 
propionic acid 6.74 min, butyric acid 4.19 

40 min, valeric acid 13.90 min. 

Example 14 

Successful gas-chromatographic separa- 
tion of a mixture of compounds with diffe- 

45 rent functional groups was carried out on 
the sorbent according to Example 11 under 
the following conditions: column tempera- 
ture 90°C, injection temperature 130°C, 
injected volume 0.1 ul, through-flow of 

50 nitrogen 30 ml/min. The individual com- 
pounds left the column in the following 
order: 1-chlorobutane 4.36 min, ethanol 
6.48 min, butyraldehyde 7.60 min, methyl 
ethyl ketone 10.70 min. 

55 

Example 15 

The polymeric sorbent according to Ex- 
ample 1 was modified by heating in a 0.5 N 
aqueous solution of perchloric acid for 2 

60 hours at 90°C. It was then separated, 
washed until the acid reaction ceased, ex- 
tracted with ethanol for 4 hours and dried. 
For application, it was packed into a column 
and conditioned. The values of modified 

65 Rohrschneider indices are: x' = 2.93, y' = 



5.24, z' = 4.64, u' = 5.52, s' was not 
determined. The sorbent was successfully 
employed for separation of polar com- 
pounds by the gas-chromatographic 
method. " 70 

Example 16 

The polymer according to Example 1 was 
heated with a 50 % solution of 2- 
hydroxyethylamine to 60°C for 6 hours. 75 
Then it was washed with water, extracted 
with ethanol, dried, and packed into a 
column. The sorbent exhibited the following 
values of modified Rohrschneider indices: 
x' = 3.23, y' = 6.12, z' = 4.74, u' = 6.83, s' 80 
= 6.53 and was also successfully used for 
separation of polar compounds by gas chro- 
matography. 

Example 17 85 

The copolymer glycidyl methacrylate - 
ethylene dimethacrylate was prepared 
according to Example 1 , with the distinction 
that the monomer mixture consisted of 70 % 
of glycidyl methacrylate and 30% of 90 
ethylene dimethacrylate and that the mix- 
ture was agitated during polymerization 
more vigorously (700 r.p.m.). The fraction 
of particles with diameter of 15-20 urn was 
separated from the resulting product, thor- 95 
oughly dried and modified in the following 
way: 5 g of the copolymer was dispersed in 
20 ml of stearovl chloride and shaken at 
20°C for 4 hours,' at 70°C for 1.5 hours, and 
at 80°C for 6 hours. The product after 100 
stearoylation contained 5.60 % of chlorine. 
The column 200 x 8 mm was packed with 
this sorbent and used for separation of the 
mixture of aromatic hydrocarbons (ben- 
zene, diphenyl, anthracene, chrysene, and 105 
benzopyrene) by the method of liquid chro- 
matography. Further sorbents were pre- 
pared analogously to Example 1 from the 
monomer mixtures and under conditions 
given in the following examples (in Exam- 110 
pies 18-24 the monomer mixtures and r.p.m. 
were distinct). 

Example 18 

Glycidyl acrylate 24.6 g, 2- 115 
hydroxypropylene diacrylate 32.8 g, 
methacrylonitrile 24.6 g; 300 r.p.m. 

Example 19 

Glycidyl acrylate 20.5 g, 2,3,4,5- 120 
tetrahydroxyhexamethylene dimethacrylate 
61.5 g; 1500 r.p.m. 

Example 20 

Glycidyl methacrylate 49.2 g, 2,3- 125 
dihydroxytetramethylene dimethacrylate 
32.8 g; 350 r.p.m. 

Example 21 

Glycidyl methacrylate 8.2 g, tet- 130 
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ramethylene diacrylate 73.8 g; 250 r.p.m. 

Example 22 
Glycidyl methacrylate 16.4 g, divinylben- 
5 zene 65.5 g; 1800 r.p.m. 

Example 23 

Glycidyl methacrylate 2.5 g, ethylene 
dimethacrylate 79.5 g; 250 r.p.m. 



10 



15 



Example 24 

Glycidyl methacrylate 41.0 g, ethylene 
dimethacrylate 32.8 g; acrylonitrile 4.1 g; 
250 r.p.m. 



Example 25 

The copolymer prepared according to 
Example 1 was modified in the following 
way: into a vessel equipped with a tight 
20 closure, containing 15 g of the copolymer, 
10 g of dimethyl amine was distilled under 
intense cooling. The vessel was sealed and 
its contents were heated to 60°C for 2 hours. 
After cooling, the vessel was opened, un- 
25 reacted amine volatilized, and the sorbent, 
containing 2.23 mmol amino groups per g, 
was packed into a column. After condition- 
ing in the stream of nitrogen at 180°C, the 
gas chromatographic separation of mixtures 
30 comprising alcohols, hydrocarbons and es- 
ters of carboxylic acids was carried out. 

Example 26 

A sorbent containing SH-groups was pre- 

35 pared from the copolymer formed according 
to Example 22 (fraction of particle size 5 - 20 
urn) by the procedure described in Example 
25, with the distinction that hydrogen sul- 
fide was distilled instead of amine into the 

40 reaction vessel. It was packed into a column 
and used for separation of a mixture of 
natural compounds by the method of liquid 
chromatography. 

45 Example 27 

The copolymer according to Example 1 
(20 g) was placed in a glass flask equipped 
with a reflux condenser and a stirrer and 50 
ml of aqueous ethylene diamine solution (75 

50 % w/w) was added. The mixture was stirred 
at temperature 80°C for 6 hours, the solid 
phase was collected on a fritted glass filter 
and washed with 0.1 N NaOH (1 litre) for 4 
hours and with water until the alkaline 

55 reaction ceased. After drying, the product 
was packed into a column, conditioned, and 
used for the gas-chromatographic separa- 
tion of a mixture consisting of polar and 
nonpolar compounds. The sorbent is ther- 

60 mally stable up to 210°C. The values of 
modified Rohrschneider indices are as fol- 
lows: x' = 2.89, y' = 6.40, u' - 6.98, s' = 
6.54. 



Example 28 

The sorbent containing 2.20 mmol nit- 65 
rogen/ g was prepared by the analogous 
procedure as in Example 27 by reaction with 
methylamine instead of ethylenediamine. It 
was thermally stable up to 200°C and was 
employed for the gas-chromatographic 70 
separation of mixtures of compounds. The 
values of modified Rohrschneider indices 
are as follows: x' = 2.13, y' = 4.67, z' = 
3.52, u' = 4.84, s' = 4.80. 

75 

Example 29 

The polymer prepared according to Ex- 
ample 17, the fraction of particle size 5-20 
urn, was reacted with dodecylamine by the 
same procedure as in Example 27 and used 80 
as the packing for separation of nonpolar 
hydrocarbons by the method of liquid chro- 
matography. 

Example 30 85 

The polymer prepared according to Ex- 
ample 19 was modified by a similar proce- 
dure to that described in Example 27 in 
which 2-mercaptoethanol is used as the 
nucleophilic agent. The product was em- 90 
ployed for separation of natural compounds 
by the method of liquid chromatography. 

Example 31 

The sorbent was prepared by the same 95 
procedure as in Example 1, with the distinc- 
tion that the monomer mixture consisted of 
24.8 g of glycidyl methacrylate, 24.6 g of 
acrylonitrile', and 32.8 g of ethylene 
dimethacrylate. The product after polymer- 100 
ization was prepared for application by 
screening, packing of a column and condi- 
tioning as in Example 1. A mixture of diols 
(0.1 ul) was separated on the column at 
195°C and the through-flow of nitrogen 27 105 
ml/min. The retention times of individual 
components were as follows : 1-butanol 1.25 
min, ethylene glycol mono-methacrylate 
1.80 min, diethylene glycol diethyl ether 
3.66 min, 2,3-butanediol 5.80 min, ethylene HO 
glycol 6.50 min, 1,3-propanediol 11.50 min, 
benzylalcohol 15.76 min. 

Example 32 

Separation of trichlorobenzene isomers 115 
was carried out on the same packing and 
under the same conditions as in Example 31. 
The retention times of individual compo- 
nents were as follows: 1,3,5- 
trichlorobenzene 5.10 min, 1,2,4- 12U 
trichlorobenzene 6.94 min, 1,2,3- 
trichlorobenzenc 9.66 min. 

Example 33 

The sorbent prepared according to Exam- 125 
pie 31, with the distinction that the same 
amount of methacrylonitrile was used in- 
stead of acrylonitrile, was subjected to the 
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acid hydrolysis of epoxide groups by heating 
to 80°C in 0.5 M sulfuric acid for 2 hours. 
The product was washed with water until 
the acidic reaction ceased and dried. After 
5 packing into a column and conditioning, 
separation of 0.15 ul of a mixture of 
carboxylic acids was carried out at tempera- 
ture 170°C and the through-flow of nitrogen 
27 ml/min. The retention times of individual 
10 components were as follows: acetic acid 7.22 
min, propionic acid 10.42 min, valeric acid 
27.02 min. 

WHAT WE CLAIM IS: 

1. A polar polymeric sorbent based on 
15 glycidyl esters suitable for gas and liquid 

chromatography, the sorbent including a 
macroporous copolymer containing 3 - 70 
per cent by weight of polymerised 
monomeric units with epoxy groups selected 

20 from glycidyl methacrylate and glycidyl 
acrylate, the epoxy groups either being 
unmodified or modified by a nucleophilic 
agent and 97 - 30 per cent by weight of a 
cross-linking agent selected from alkylene 

25 diacrylate, alkylene dimethacrylate, hyd- 
roxy alkylene diacrylate, hydroxyalkylene 
dimethacrylate, where the alkylene contains 
1 - 6 carbon atoms, and di vinyl benzene. 

2. A sorbent as claimed in claim 1 
30 wherein the sorbent includes up to 30 per 

cent by weight of polymerised monomeric 
units with nitrile groups selected from aery- 
lonitrile and methacrylonitrile. 

3. A sorbent as claimed in either claim 1 
35 or claim 2 wherein the nucleophilic agent is 

selected from waler, carboxylic acids and 
their derivatives, ammonia, primary and 
second amines, mercapto compounds or 
aery lonitrile. 

40 4. A polar polymeric sorbent as claimed 
in any of claims 1 to 3 substantially as 
hereinbefore described. 

5. A polar polymeric sorbent substan- 
tially as hereinbefore described with refer- 

45 ence to any one of the Examples 1, 7, 9, 11, 
15 to 31 and 33. 
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